Objective: In this experimental study, it was aimed to assess the effects of erythropoietin (EPO) on bacterial translocation in a rat model of colitis.
InTRODuCTIOn
Inflammatory bowel diseases (IBD) is a group of diseases progressing with chronic inflammation in the gastrointestinal system (GIS). Ulcerative Colitis (UC) is a recurrent non-transmural inflammatory disorder confined to the colon while Chorn Disease (CH) is a recurrent disorder that is associated with the transmural inflammation of the whole gastrointestinal tract. Current hypothesis about the etiology of IBD postulates that the disease stems from immune system dysregulation in the gastrointestinal tract in patients with genetic predisposition (1) . In patients with genetic predisposition, together with environmental factors, the excessive inflammation without control leads to the intestinal migration of the inflammatory cells, and progressive tissue damage develops due to the effects of cytokines in the gastrointestinal tract (GIT) (2) . IBD is associated with an increase in epithelial permeability resulting in chronic stimulation of the mucosal immunity by bacterial products. It is suggested that the increase in mucosal permeability may be the primary defect in IBD (3) . Intestinal epithelial cells involve control mechanisms to inhibit inappropriate immune response activation. However, the bacterial products passing across the mucosal barrier directly contact with immune cells, promoting a classical immune response. The impaired response by mucosal immunity and cytokine release result in chronic mucosal damage (1) . This may lead passage of enteric bacteria and bacterial substances into sterile extraintestinal sites through the intestinal wall.
Erythropoietin (EPO) is a glycoprotein growth hormone with a molecular weight of 34 kDa which stimulates the growth of erythroid progenitor cells (4) . It is primarily produced in kidneys (4) . It is released from the kidneys as a response to hypoxia and Turk J Surg 2019; 35 (3): 202-209 stimulates the hematopoietic system. EPO is produced in mammalian cell culture by recombinant DNA technology and is used for the treatment of anemia caused by renal failure or cancer chemotherapy (5) .
Erythropoietin is a growth hormone which primarily stimulates the growth of erythroid progenitor cells. It has been shown that EPO decreases apoptosis in neurons in rat models (6) . In experimental colitis models, EPO has been shown to decrease the effects of inflammatory bowel disease (7) (8) (9) .
EPO has also been determined to decrease bacterial translocation in rats with induced obstructive jaundice (10) . Another study in rat models has demonstrated that EPO administration after hemorrhagic shock enhances barrier function of the mucosa and reduces bacterial translocation (11) .
However, there are no studies in the literature investigating EPO effects on bacterial translocation in experimental colitis model. Our study aimed to assess the effects of EPO on bacterial translocation in IBD, and anti-inflammatory effects of erythropoietin based on colitis pathophysiology.
MATERIAl and METhODs

Animals
The present study was conducted on 24 male Wistar-Albino rats aged 28-32 weeks (weighing 220-280 g). The rats were acclimatized over a week before the experiments. All rats were kept at 21°C and fed with standard rat chow. Prior to the experiments, the rats were fasted for 12 hours with only water allowed. This experimental study was conducted at the Hakan Çetinsaya Experimental and Clinical Research Center (ECRC) of Erciyes University School of Medicine. The study was approved by the Medical Faculty Ethics Committee.
Experimental Design
The animals were randomly assigned into three groups (eight animals per group):
• Group 1 (control group): the rats in this group received saline solution (SS) via rectal route.
• Group 2 (colitis group): colitis was induced by TNBS-E administration and no treatment was given.
• Group 3 (EPO-treated group): EPO was administered after induction of colitis.
Experimental Procedure
In all rats, sedation was achieved by halothane, and spontaneous respiration was maintained throughout the procedure. The animals were weighed after sedation. In order to induce colitis, a 3.5-F plastic cannula was inserted 5 cm into the rectum. Colitis was triggered by slow instillation of trinitrobenzene sulfonic acid (TNBS) (50 mg/kg) in 0.25 mL ethanol (50%) into the colon through this cannula. Then, the rats were placed in supine position until recovery from sedation in order to prevent leakage.
The control group received only 0.9% NaCl solution through the rectal cannula. The colitis group was administered TNBS (50 mg/ kg) in 0.25 ml (50%) ethanol intracolonically to induce colitis. In the EPO-treated group, starting at one day after the induction of colitis with intracolonically administered TNBS-E, Erythropoietin Beta (Neorecormon, Roche, Mannheim, Germany) 1000 IU/kg was administered subcutaneously for three days. Identical amounts of subcutaneous sterile saline solution were simultaneously administered to the controls and rats in the colitis groups.
All injections were administered upon cleansing of the injection site with a 10% povidone-iodine antiseptic solution. All rats received standard rat pellets for five days. On day five after colitis induction, anesthesia was achieved with 50 mg/kg ketamine and 8 mg/kg xylazine via intraperitoneal route. A midline incision was made after removal of abdominal hair and skin preparation with 10% povidone-iodine. Blood sampling was performed from vena cava (3 mL) and portal veins (2 mL) for tumor necrosis factor alpha (TNF-α), and plasma endotoxin assays and blood culture tests. Using sterile forceps, the liver, spleen and mesenteric lymph nodes were crushed followed by homogenization and transfer into a medium to isolate bacteria immediately. Then the colon was removed from mid-transverse segment to rectum. The rats were sacrificed by ether inhalation at lethal doses.
serum TnF-α Assay
The sera were obtained by centrifugation 4000 rpm over 10 minutes. Sera were stored in Eppendorf tubes at -80 º C until assays. Serum TNF-a level measurement was performed using a Rat TNF-a Elisa kit (Rat TNF-a Invitrogen ELISA Kit, USA). TNF-a level is expressed as pg/mL.
Plasma Endotoxin Assay
Plasma endotoxin measurement was performed in samples obtained from the portal vein using modified (quantitatively) Limulus-amebocyte-lysate test (Sunred). Plasma endotoxin level is given as pg/mL.
Determination of Bacterial Translocation
Blood culture tests were performed using an automated blood culture system. The blood samples were transferred to BacT/Alert culture bottles. After inoculation, the bottles were incubated at 35-37ºC. During incubation, the bottles were mixed by shaking and controlled at 10-minute intervals throughout incubation. CO 2 production in fluid media was continuously measured by colorimetric principle and monitored by a reflectometer available in the system. The system provided a visual and audio signal if a positive result was detected. The samples found positive were inoculated onto blood agar and eosin methylene blue agar (EMB agar) and were incubated for 24 hours at 37°C. After incubation, microbial identification was performed according to conventional methods. After seven days, samples with no positive signal were accepted as negative. Tissue samples were inoculated into sterile bottles containing brain-heart infusion broth which were then incubated over 24-to-48 hours at 37°C. Then the samples were incubated in blood agar and EMB agar broths over hours at 37°C. Microbial identification was performed according to conventional methods.
Evaluation of Colonic Damage
The distal colon obtained from rats was opened in a longitudinal manner. The colon was washed out by using normal saline in order to remove feces. Then the colon segments were examined by a pathologist.
Gross Examination of Colon
Gross changes in the colon mucosa were assessed in five categories previously defined by Campos et al. (12) . Macroscopic morphology scores are shown in Table 1 .
Microscopic Examination of the Colon
Microscopic evaluation of the colonic mucosa was performed as described by Yamamoto et al. After fixation with a 10% formaldehyde solution for 24 h, the tissue samples were placed into ethanol (70%). Then the sections (4 µm in thickness) prepared from paraffin-embedded tissue samples were stained by H&E. The sections were examined by a pathologist blinded to the groups. Microscopic changes were graded from 0-3 (Table 2 ) (13).
Measurement of Tissue Myeloperoxidase Activity
In the colon mucosa, MPO activity was measured after preparation of the colon homogenates via Elisa method by a Rat MPO ELISA Kit (Cell Sciences, USA) as defined by Krawisz et al. (14) . Briefly, the colon mucosa sample underwent homogenization using ice-cold solution containing PBS (PH: 6.0) and hexadecyl trimethyl ammonium bromide. After triple freeze-thaw cycles, the homogenate was centrifuged at 40.000 rpm for 15 minutes at 4°C. 
REsulTs
Colonic Damage
Macroscopic Evaluation Results
In this study, colonic macroscopic damage score values were statistically expressed as median (min-max) values: 3.0 (3.0-4.0) in the TNBS-E-induced colitis group, 2.0 (2.0-3.0) in the EPO + colitis (treatment) group and 0.0 (0.0-1.0) in the control group, showing significant differences among groups (p< 0.001). Normal colonic epithelium was observed in the control group. While widespread irregular ulcers and transmural inflammation were observed in the colitis group, only minimal damage and mild inflammation were found in the surface epithelium in the EPO-treated group.
Microscopic Evaluation Results
In this study, colonic microscopic damage score values were statistically expressed as median (minimum-maximum) values: 2.0 (2.0-3.0) in the TNBS-E-induced colitis group, 1.0 (1.0-2.0) in the EPO + colitis (treatment) group and 0.0 (0.0-1.0) in the con- Marked epithelial ulceration, crypt abscesses and a marked increase in monocytes and neurophils trol group (p< 0.001). Normal colonic epithelium was observed in the control group. While widespread mucosal damage and transmural infiltration of neutrophils, monocytes, and lymphocytes were observed in the colitis group, mild epithelial damage and inflammation were observed in the EPO-treated group. Microscopic images are shown in Figure 1 .
serum TnF-α Results
Plasma TNF-α value is expressed as mean ± SD. TNF-a value was 27.91 ± 2.19 pg/mL in the EPO-treated group, 33.55 ± 1.95 pg/ mL in the colitis group, and 23.88 ± 2.07 pg/mL in the control group. It was found to be significantly lower in the EPO-treated group than the colitis group (p< 0.001). These values are shown in Figure 2 .
Plasma Endotoxin Results
Plasma endotoxin value is expressed as mean ± SD. Endotoxin level was 20.15 ± 1.33 pg/mL in the EPO-treated group, 26.45 ± 2.55 pg/mL in the colitis group, and 15.88 ± 2.07 pg/mL in the control group. It was found to be significantly lower in the EPO-treated group than the colitis group (p< 0.001). These values are shown in Figure 3 .
Myeloperoxidase Results
Tissue MPO level is expressed as median (min-max). MPO level was 24.1 (20.9-27.5) U/gr in the EPO-treated group, 57.6 (24.1-88.6) U/gr in the colitis group and 15.5 (5.1-26.2) U/gr in the control group. It was found to be significantly lower in the EPO-treated group when compared to the colitis group (p= 0.021). There was no significant difference between the treatment and control groups. These values are shown in Figure 4 . 
Colit Colit + epo groups
Control
Bacterial Translocation Results
It was failed to detect positive growth in the control group. There was a significant increase in the frequency of bacterial translocation to the liver, spleen, MLNs and blood in the group with trinitrobenzene sulfonic acid-ethanol-induced colitis (p< 0.05). However, there was significant decrease in bacterial translocation to the liver, spleen, MLN and blood by treatment with EPO when compared to colitis group. Bacterial translocation incidences in different groups are shown in Table 3 . The bacteria included Escherichia coli, Enterococcus spp., Proteus spp. and K. pneumoniae.
DIsCussIOn
Inflammatory bowel diseases (IBD), namely Crohn's Disease and Ulcerative Colitis, are chronic inflammatory diseases involving gastrointestinal (GI) tract. Defective immune system regulation due to environmental and genetic factors, abnormal GI luminal factors associated with microorganisms in the GI lumen flora and antigens in dietary intake, and a defective GI barrier that allows the penetration of colonic mucosa by GI luminal factors are among the factors that underlie the etiology of IBD (15) .
TNBS-induced colitis model is a chronic inflammation and ulceration model that occurs after delayed hypersensitivity induced by the haptene. The mucosal barrier is disrupted by ethanol, leading to ulceration and inflammation in a dose-dependent manner. It was shown that the colitis in the TNBS model is similar to the colitis in humans, and it was especially pointed out as a convenient model for the development and trial of new drugs for the treatment of the disease (16) .
In the literature, experimental colitis was induced by different doses of TNBS in a 5% ethanol solution. Doses of 5, 50, 100, and 150 mg/kg TNBS in 0.25 mL ethanol were tested, and the optimal dose for colitis induction was found to be 50 mg/kg TNBS in a 0.25 mL 50% ethanol solution (17) . In this study, we used 50 mg/ kg TNBS in a 0.25 mL 50% ethanol solution to induce colitis, based on this information. Togashiet al., in their study, have measured in vivo mucosal sulfhydryl compounds in a TNBS-E-induced experimental colitis model and has shown that advanced mucosal damage occurs one or two days after induction (18) . Three days after TNBS administration, inflammation and ulceration of the colon were demonstrated endoscopically (19) .
Several protective effects of EPO against ischemia were demonstrated in cell cultures and animal models, including anti-apoptotic, antioxidant, and neuroprotective effects (20, 21) . There are studies indicating that EPO decreases the damage caused by ischemia/reperfusion in kidneys (22) and colon (23) . Large amounts of EPO receptors were identified on macrophages. In experimental colitis models, EPO has been shown to inhibit NF-κB activation and pro-inflammatory gene expression of myeloid cells in the lamina propria, leading to a decrease in the severity of colitis (9) . In our study, after induction of colitis with TNBS, we administered EPO (1000 IU/kg/day s.c.) from the 2 nd to the 4 th day, and on the 5 th day, we collected tissue and blood samples from the rats under anesthesia.
In order to evaluate the effects of EPO on pro-inflammatory cytokines, blood TNF-α levels and tissue MPO levels were measured in this study. TNF-α is one of the major cytokines implicated in IBD and TNF-α levels were found to be elevated in IBD (25) . Hence, it was demonstrated that TNF-α monoclonal antibodies are effective in the treatment of IBD by preventing the binding of TNF-α to its receptor, and they are used as therapeutic agents for the treatment of patients non-respondent to current treatment (26) .
In the study by Küçük et al., bacterial translocation has been assessed in an experimental model of colitis regarding the effects of Met-RANTES. They have demonstrated that TNF-α levels were increased by increasing inflammation and Met-RANTES treatment resulted in decreased serum TNF-α levels and bacterial translocation (27) . Another study by Nairiz et al. investigating the effects of EPO on experimental colitis has demonstrated that in inflamed colons of TNBS-subjected mice, there was a significant decrease in Nos2, TNF-α, IL-6, IL-12p35 and IL-23p19 mRNA expression levels associated with EPO treatment. Furthermore, the supernatants of colon samples from TNBS-subjected mice receiving EPO had significantly reduced levels of TNF-α, IL-6, IL-12p70 and IL-23 (9) . In this study, we compared the colitis and EPO-treated groups in terms of serum TNF-α levels. We found significantly lower levels of TNF-α in the EPO-treated group than those in the colitis group (p< 0.05) (Graph 3). High TNF-α level is a common feature of all colitis models in rats. Our study demonstrates that severe inflammation and increased bacterial translocation were in parallel with elevated TNF-α levels in the colitis group. The detection of low TNF-α levels in the EPO-treated group shows the anti-inflammatory effect of EPO.
MPO is a lysosomal enzyme found in phagocytic cells. It is abundant in the azurophilic granules of polymorphonuclear leukocytes and activated leukocytes entering the tissue release enzymes, including MPO, elastase, protease, and lactoferrin. Therefore, MPO activity may be used as a quantitative indicator of neutrophil sequestration. Neutrophil activity has been shown to increase in IBD and elevated MPO levels have been considered as an indicator of neutrophil migration (28) .
Cuzzocreaet al., in their study investigating the effects of erythropoietin on experimental colitis, have shown that EPO treatment decreases inflammation in the colon by microscopic examination of the colonic tissue. MPO activity in the inflamed colon has been measured and significant differences found between the colitis and EPO groups (8) .
Consistent with the literature, we also found that MPO levels were significantly higher in rats with induced colitis when compared to the controls (p< 0.05). Tissue MPO levels were significantly lower in the group receiving EPO treatment in comparison to the colitis group (p< 0.05) and the values were higher in the EPO-treated group when compared to the control group but the difference was not significant (Figure 4 ).
Histopathologically, there were macroscopic and microscopic improvements in the EPO-treated group when compared to the colitis group. These results demonstrate that EPO reduces mucosal damage by means of its anti-inflammatory effect.
There are some defense mechanisms that prevent the passage of bacteria in the normal intestinal flora across the intestinal mucosa. These include the physical barrier function of the mucosal epithelium, the mucus layer between bacteria in the lumen and the intestinal epithelium, blockage of epithelial adhesion sites on the bacterial wall by secreted IgA and the presence of intestinal peristalsis. These local defense mechanisms maintain the normal intestinal flora (29) . Under normal conditions, normal flora bacteria in the intestinal lumen cannot pass the mucosal barrier. Intestinal bacterial translocation is defined as the passage of gastrointestinal micro-flora to local mesenteric lymph nodes (MLN) through lamina propria and to other organs such as the liver and spleen thereafter (30) .
In cases such as IBD, acute pancreatitis, severe burns, intestinal obstruction and shock, bowel barrier function and mucosal integrity are impaired, which causes the bacteria to be released from the intestine and spread to other organs (31) .
The presence of bacterial translocation in IBD has also been shown in experimental colitis models. Halaçlar (11) .
We also performed blood and tissue cultures to determine bacterial translocation in the course of colitis. TNBS-E-induced colitis caused a significant increase in the frequency of bacterial translocation in our study while EPO treatment reduced bacterial translocation. The translocated bacteria and translocation frequencies in each group are shown in Table 3 .
Endotoxin is a component of the lipopolysaccharide structure present in the cell walls of all gram-negative bacilli. Rather than through its direct effect, endotoxin triggers a strong response by stimulating hormonal and chemical mediators. Endotoxemia originating from the intestine is particularly observed in patients with IBD, burns, trauma, liver failure or acute pancreatitis (33) . In our study, plasma endotoxin levels were significantly elevated in the rats with induced colitis compared to the control group. The endotoxin level was shown to be significantly lower in the EPO-treated group (p< 0.05) ( Figure 3 ).
The effects of EPO in the experimental colitis model were investigated and the following findings were obtained. A significant improvement in macroscopic scores and histopathological appearance was found in the EPO-treated group (p< 0.05). There was a significant increase in tissue MPO levels increased in the colitis group whereas a significant decrease in the EPO-treated group (p< 0.05). Plasma endotoxin levels increased in the EPO-treated group while they significantly decreased in the EPO-treated group (p< 0.05). TNF-α levels were elevated in the EPO-treated group while they significantly decreased in the EPO-treated group (p< 0.05). Bacterial translocation observed in the colitis group was significantly reduced in the EPO-treated group (p< 0.05).
COnClusIOn
In light of these results, the decrease in bacterial translocation in the EPO-treated group could be explained not only by the anti-inflammatory effect of EPO, but also by its protective effect on the intestinal mucosa and its decreasing effect on intestinal permeability. EPO treatment, if supported by further experimental and clinical studies, may become an alternative approach in IBD.
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